outcomes, only mind-body interventions (e.g. mindfulnessbased therapy, yoga, and relaxation) revealed a statistically significant effect (g = 0.40; CI = 0.01-0.79; p = 0.042). Conclusions: Taken together, the results lend support to psychosocial intervention as a tool in the management of COPD. However, due to indications of possible publication bias towards positive findings, the results should be interpreted with some caution, and more high quality research is needed.
Introduction
Chronic obstructive pulmonary disease (COPD) involves persistent obstruction of the airways and lung function impairment, and it affects up to about 10% of the population worldwide [1] . The most common physical symptoms of the disease are breathlessness (dyspnea), cough, and excessive sputum production [2] , but many patients also experience extrapulmonary physical consequences such as systemic inflammation, nutritional abnormalities, and muscoloskeletal dysfunction, resulting in fatigue, low activity level, and poor exercise capacity [3] . In addition to these devastating physical problems, patients with COPD often experience psychological prob-lems in the form of symptoms of anxiety and depression [4] . In the research literature, these symptoms are often combined as specific components of overall psychological distress or psychological impairment [5] [6] [7] . Furthermore, adding to the confusion, several studies focus on poor health-related quality of life (QoL), which is a multifaceted construct including both physical, psychological, and social function and symptoms [8] . The physical and psychological effects of the disease appear to influence each other significantly, as exemplified by research reporting links between fatigue and QoL [9] , psychological distress and exacerbation rates [5] , as well as dyspnea and anxiety and depression [10] [11] [12] . Psychosocial intervention, defined as intervention programs with a psychosocial aim that does not include the prescription of medications or has a solely physical focus (e.g. acupuncture or massage therapy), could therefore serve as a potentially effective supplement to medical or physically oriented treatment initiatives in COPD.
So far, a number of reviews have summarized the effects of psychosocial interventions on psychological outcomes in COPD. In 2002, Rose et al. [13] published a narrative systematic review of 6 randomized controlled trials (RCTs) evaluating psychological interventions as a means of reducing anxiety and panic, and concluded that the evidence in the area was inconclusive. Later, Coventry and Gellatly [14] conducted a systematic review of 4 studies of cognitive behavioral therapy (CBT) for COPD patients with mild-to-moderate anxiety and depression. They included nonrandomized RCTs (NRCTs) as well as RCTs, but found no conclusive evidence of an effect. More recently, in a comprehensive systematic review and meta-analysis of 9 studies (RCTs as well as noncontrolled studies) by Baraniak and Sheffield [15] , the authors noted that psychologically oriented interventions often included aims of improving physical outcomes such as physical functioning, dyspnea and exercise capacity. Despite this, their subsequent meta-analysis only included the psychological outcomes of anxiety, depression, and QoL. Their analysis revealed a medium combined effect size (r = -0.273, 95% confidence interval, CI = -0.419 to -0.141) on anxiety only, corresponding to a standardized mean difference (Cohen's d) of 0.57. Clark et al. [16] have contributed with a broader narrative review of nonsystematic reviews, systematic reviews and meta-analyses that included clinical and educational as well as psychosocial interventions. They concluded that behaviorally oriented interventions, in addition to improving psychological outcomes, also have the potential of influencing physical outcomes such as pulmonary function and exercise capacity, but did not further address the efficacy of psychosocial interventions on psychological and physical outcomes. Furthermore, the available reviews generally note the relatively low methodological quality of studies evaluating psychosocial interventions in COPD.
To the best of our knowledge, there has thus not yet been an attempt to systematically and quantitatively evaluate psychosocial interventions in terms of both psychological and physical outcomes in COPD. The objective of the present study was therefore to contribute to the evidence base by conducting a systematic review and metaanalysis of the efficacy of psychosocial interventions on relevant psychological as well as physical outcomes in COPD. In addition, it was explored whether some types of psychosocial interventions (e.g. CBT that focuses on altering maladaptive links between thinking and behavior patterns [17] or mind-body interventions that focus on the bidirectional relationship of mind and body as the mediator of change such as for example mindfulnessbased therapy, meditative yoga or relaxation [18] ) are more effective than others and to what degree the effects are related to the methodological quality of the studies.
Methods
The present study was protocol based and conducted in accordance with the PICO approach [19] and the PRISMA recommendations for reporting systematic reviews and meta-analyses [20] .
Search Strategy
We conducted a systematic review using a key word-based search in the electronic databases of PubMed, PsychINFO, Embase, Web of Science, Cochrane Library and CINAHL. Relevant MeSH terms of all databases were included in the search. Key words related to the population ('COPD' OR 'chronic obstructive pulmonary disease' OR 'chronic obstructive lung disease' OR 'chronic obstructive airway disease' OR 'chronic obstructive respiratory disease' OR 'chronic bronchitis' OR 'emphysema') were combined with key words related to the intervention ('psychological intervention * ' OR 'psychosocial intervention * ' OR 'psychotherap * ' OR 'psychoeducation * ' OR 'psycho-education * ' OR 'behavi * ral therap * ' OR 'cognitive therap * ' OR 'mindfulness * ' OR 'relaxation * ' OR 'meditation' OR 'imagery' OR 'hypnos * ') and outcomes ('depressi * ' OR 'anxiet * ' OR 'panic' OR 'quality of life' OR 'mental health' OR 'health status' OR 'physical activity' OR 'exercise' OR 'pulmonary function' OR 'lung function' OR 'symptom level' OR 'breathlessness' OR 'dyspnea' OR 'fatigue'). The search was conducted independently by the first and the second author (I.F.-V. and D.J.) for the period from database inception to March 2014.
Selection Procedure and Data Extraction
Only English-language reports published in peer-reviewed journals were considered eligible for the present study. Eligible
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Psychother Psychosom 2015;84:37-50 DOI: 10.1159/000367635 39 studies were those that evaluated individual-, or group-based psychosocial interventions aimed at improving psychological and/or physical outcomes for adult patients with a COPD diagnosis. Concerning study design and comparison, only trials with a control group were included. Papers were excluded if the focus was on patients with comorbid physical conditions or if the intervention did not involve a psychosocial component. For example, interventions in the form of pulmonary rehabilitation or self-management programs were excluded unless a substantial part of the program was explicitly characterized as being psychosocial, e.g. mind-body exercises such as meditative yoga, or counseling with elements of CBT or analytical therapy. In addition, reports focusing on interventions with a physical focus, such as acupuncture or massage therapy, or on complementary and alternative treatments, e.g. energy healing or music therapy, were generally excluded. However, certain complementary and alternative interventions were included if they primarily consisted of psychosocial components that had a broader biopsychosocial purpose, e.g. relaxation, guided imagery or meditation.
In the first round of assessment, the authors I.F.-V. and D.J. independently removed duplicates and screened the titles and abstracts of the identified references with the purpose of excluding irrelevant studies. In the second round of assessment, full texts of the remaining references were read and ineligible reports were excluded on the basis of the criteria described above and the reasons for exclusion registered. Disagreements and uncertainties were discussed with the third author (R.Z.) until a negotiated conclusion was reached.
Using the Microsoft Access software, a database was designed with the specific purpose of managing the data of the present study. Data from the included studies were extracted independently and cross-checked by I.F.-V. and D.J. Any disagreements were resolved by negotiation with R.Z. When there was disagreement on one or more of the criteria included in the quality assessment, the paper was re-examined closely, the initial reason for disagreement discussed, and a negotiated conclusion reached.
Quality Assessment
Study quality was assessed using the criteria of Jadad et al. [21] , a tool to evaluate methodological quality, e.g. use and description of randomization and blinding procedures and description of dropout rates (score range: 0-13). Five additional quality criteria were specifically developed for the present study (inclusion of an active control group, pre-post data, any attempts of blinding of patients and/or researchers, use of standardized and reliable outcome measures), yielding a revised Jadad total quality score (range: 0-18). Quality ratings were not used as weights when calculating aggregated effect sizes (ESs), as this is discouraged due to risk of inducing bias [22] . Instead, associations between ESs and study quality were explored with meta-ANOVAs and metaregression.
Heterogeneity
Heterogeneity was explored using Q and I 2 statistics. Heterogeneity tests are aimed at determining whether results reflect genuine between-study differences (heterogeneity), or whether the variation is due to random error (homogeneity) [23] . Due to the generally low statistical power of heterogeneity tests, a p value ≤ 0.10 was used to determine significant heterogeneity [24] . The I 2 quantity provides a measure of the degree of inconsistency by estimating the amount of variance in a pooled ES that can be accounted for by heterogeneity in the sample of studies and is not influenced by the number of studies (K) [25] . An I 2 value of 0% indicates no observed heterogeneity. Values of 25, 50, and 75% are considered low, moderate and high, respectively.
Computing ESs
Hedges' g was used as the standardized ES. Hedges' g is a variation of Cohen's d [26] correcting for possible bias due to small sample size [27] . They both provide an estimate of the standardized mean difference, but whereas d pools the variances using n for each sample, g uses n -1 for each sample. ESs were computed using pre-and postintervention means or medians and their standard deviations or ranges. In case of missing data, we attempted to contact the authors, asking them to provide this information. Pooled ESs were weighted by the inverse standard error, taking into account the precision of each study. A random effect model was used in all analyses. For readers more familiar with r (the effect size correlation) as an indicator of effect, the corresponding r has also been included in the text.
Analytical Strategy
First, pooled overall ESs for the effect of psychosocial interventions on psychological and physical outcomes were calculated. If the results indicated study heterogeneity, possible between-study differences in ESs were explored by comparing the ESs of studies according to the following study characteristics: active versus passive control, intervention type, methodological quality, treatment duration, number of sessions, age, gender and lung function at baseline. This was done with either meta-ANOVA or metaregression.
The calculations were conducted with Comprehensive MetaAnalysis, Version 2 (www.meta-analysis.com), SPSS-20 (www. ibm.com/software/analytics/spss/) and various formulas in Microsoft Excel.
Publication Bias
Publication bias, a widespread problem when conducting meta-analyses [28] , was evaluated with funnel plots, Egger's method, and by calculating fail-safe numbers [29, 30] . A funnel plot is a graphic illustration of study ESs in relation to study size or precision. Egger's test provides a statistic for the skewness of results [31] . Calculation of fail-safe numbers is aimed at achieving an indication of the number of unpublished studies with null findings that would reduce the result to statistical nonsignificance (p > 0.05). It has been suggested that a reasonable level is achieved if the fail-safe number exceeds 5K + 10 (K = number of studies in the meta-analysis) [32] . If the results were suggestive of publication bias, an adjusted ES was calculated using the trim and fill method of Duval and Tweedie [33] , which imputes ESs of missing studies and recalculates the ES accordingly.
Results
The study selection process with reasons for exclusion is described in the PRISMA flow diagram shown in figure  1 . The initial search yielded 1,491 articles, out of which 403 articles were read in full during the second round of assessment. The authors I.F.-V. and D.J. initially disagreed on 102 (25%) articles (interrater agreement: 0.50; kappa statistic). Keeping in mind the broad and complex nature of the field of behavioral intervention, disagreements were most often a result of different initial assumptions of whether certain complex behavioral interventions could be classified as psychosocial intervention. The specific criteria and final inclusion of the individual studies were thus negotiated, and the third author, R.Z., took part in the discussion concerning 58 of the articles selected in the first round. After excluding 41 further articles, 3 additional articles were included on the basis of a screening of other systematic reviews on the subject [13] [14] [15] . The authors of 2 papers with missing data (control group data and SDs, respectively) provided the requested data after they had been contacted. The author of a third paper with missing data (means and SD for all outcomes relevant for the purpose of the present study) was unable to provide the data, and the study was therefore excluded. A final total of 20 individual research papers describing results of 20 independent studies published from 1983 to 2012 were included in the study and subjected to metaanalytic evaluation.
Study Characteristics
The characteristics of the included studies are summarized in table 1. The 20 studies had investigated a total of 1,565 COPD patients (mean percentage of women: 35.1) and analyzed final data for 1,361 participants. Six hundred and eighty-three subjects received psychosocial intervention, 394 took part in an intervention that could not be classified as psychosocial (active control group), and 284 received care as usual (passive control group). Three studies [34] [35] [36] included more than 2 group conditions, and data from conditions that made it impossible to isolate the effect of the psychosocial intervention (e.g. comprehensive pulmonary rehabilitation programs with psychosocial elements) were excluded. One study [37] included both an active and a passive control group, and only the active group was used as comparison.
Across the included studies, 14 studies reported data on the psychological outcomes of anxiety and depression, frequently assessed in parallel by the Hospital Anxiety and Depression Scale or separately by the Spielberger Anxiety Inventory or Beck Anxiety Inventory to measure anxiety, and the Beck Depression Inventory or the Center for Epidemiological Studies Depression Scale to measure depression. Seventeen studies reported data on physical health outcomes such as lung function, dyspnea, exercise capacity and fatigue, most often assessed with spirometry (forced expiratory volume per second), visual analog scales, the 6-min Walking Test and the Pittsburgh Sleep Quality Index, respectively. Sixteen studies reported data on QoL, most often measured with the disease-specific Saint George's Respiratory Questionnaire, the Chronic Respiratory Questionnaire or the generic instrument Short Form Health Survey.
The Jadad quality score of the included studies ranged from 5 to 11 (mean score = 9.00; SD = 1.65), and the Jadad revised score from 7 to 15 (mean score = 11.95; SD = 2.09). The interrater agreement ratio for the individual Jadad items ranged from 0.70 to 1 with kappa scores (adjusting for chance agreement) ranging from 0.32 to 0.80.
Main Effects
The results of the meta-analyses are summarized in table 2 and illustrated with Forrest plots ( fig. 2 ) [26] . The fail-safe number for psychological outcomes (K = 90) exceeded the criterion (K = 80) [32] , suggesting a robust effect. This was not the case for the physical outcomes fail-safe number (K = 64; criterion K = 95). When exploring indicators of publication bias, the funnel plots for both outcome categories appeared skewed and Egger's test indicated the possibility of bias in favor of larger published positive ESs. When imputing missing ESs with the trim and fill method [33] , the resulting adjusted pooled ES was smaller but remained statistically significant for the psychological outcome category. This was not the case for physical outcomes. With respect to specific outcomes, the combined ESs for anxiety, depression, dyspnea and QoL (g = 0.24-0.45, r = 0.12-0.22) all reached statistical significance (p = 0.001-0.047). The combined ES (g = 0.25, r = 0.12) for exercise capacity was near-significant (p = 0.069), whereas the combined ESs for fatigue and lung function did not reach statistical significance.
Associations between ES and Study Characteristics
As the Q statistics for both psychological and physical outcomes were statistically significant (p = 0.017, <0.001) and the I 2 statistic indicated low to moderate heterogeneity, we explored possible sources of heterogeneity and analyzed whether the ESs varied according to betweenstudy differences in study design (active versus passive control), intervention type (CBT versus mind-body), sample characteristics (age; gender; lung function at baseline), intervention length (number of sessions; treatment duration) and methodological quality (quality scores).
Study Design
The pooled ESs for the active and passive control group studies are shown in table 2 . With respect to psychological outcomes, the ES's were similar, and the between-group difference did not reach statistical significance. For the physical outcomes, the combined ES was smaller for passive control than active control studies, but again, the between-group difference did not reach statistical significance.
Intervention Type
The combined ESs of studies examining the effects of CBT and mind-body interventions are shown in However, only CBT reached statistical significance, whereas mind-body interventions were near-significant (p = 0.081). For physical outcomes, only mind-body interventions yielded a statistically significant ES of g = 0.40 (r = 0.20). In comparison, the ES for CBT for physical outcomes was small (g = 0.09, r = 0.05) and statistically nonsignificant. The difference between the effects of CBT versus mind-body interventions, however, did not reach statistical significance. Insufficient power for tests of moderation is a well-known problem in meta-analysis [38] . Following the suggestions of Hedges and Pigott [38] , we therefore conducted a post hoc power analysis, revealing a statistical power of the between-group comparison of CBT and mind-body interventions for physical outcomes of only 0.30. As only mind-body interventions appeared to be effective for the combined physical outcomes, the effects of mind-body intervention for each of the individual physical outcomes were analyzed. A statistically significant effect of mind-body intervention was found for dyspnea [g = 0.38 (K = 7), CI = 0.04-0.71, p = 0.028]. The remaining effect sizes did not reach statistical significance (g = a Q statistic: p values <0.1 taken to suggest heterogeneity. I 2 statistic: 0% (no heterogeneity), 25% (low heterogeneity), 50% (moderate heterogeneity), 75% (high heterogeneity).
b ES = Hedges' g. Standardized mean difference, adjusting for small sample bias. A positive value indicates an effect size in the hypothesized direction, i.e. reduced distress or relative smaller increase in distress in the intervention group. To ensure independency, if a study reported results for more than 1 measure, the ESs were combined (mean), ensuring that only 1 ES per study was used in the calculation.
c Number of nonsignificant studies that would bring the p value to nonsignificant (p > 0.05). d A fail-safe number exceeding the criterion (5 × k + 10) indicates a robust result [32] . e If analyses indicated the possibility of publication bias, missing studies were imputed and an adjusted ES rate calculated [33] . f Meta-ANOVA (between-study comparisons).
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Sample Characteristics, Intervention Length and Study Quality
As shown in table 3 , we conducted 2 metaregression analyses (unrestricted maximum likelihood) with the Jadad quality score, the Jadad revised quality score, treatment duration, number of sessions, mean age, percent women, and mean predicted forced expiratory volume per second as the predictor variables and ESs for the combined psychological and physical outcome categories as dependent variables. In both analyses, only treatment duration reached near-significance (psychological: p = 0.054; physical: p = 0.066), with negative regression slopes (psychological: B = -0.06; physical: B = -0.05) indicating that longer treatment duration was associated with smaller ESs for psychological and physical outcomes. Furthermore, we compared the average duration and number of sessions of CBT and mind-body interventions. The results indicated that mind-body intervention had longer duration (7.2 weeks, SD = 3.9) and included more sessions (18.8, SD = 20.0) than CBT (6.0, SD = 3.0, and 10.5, SD = 16.0). However, the differences did not reach statistical significance (p = 0.41 and 0.25).
Discussion
The results initially revealed statistically significant effects of psychosocial interventions on both psychological (g = 0.39, r = 0.19) and physical (g = 0.30, r = 0.15) outcomes in COPD patients when compared with passive (care as usual) or active control groups. The effect size for psychological outcomes remained relatively stable and statistically significant after adjusting for possible publication bias, whereas the effect size for physical outcomes was reduced (g = 0.20, r = 0.10) and became only nearsignificant. Our findings are in contrast to the results of another relatively recent meta-analysis by Baraniak and Sheffield [15] , where only anxiety was improved by psychologically based interventions in COPD. A possible explanation for the inconsistent findings could be that the quantity of published research in the area has grown over the years since Baraniak and Sheffield conducted their review. Thus, coupled with the fact that we also included psychosocial mind-body interventions, the results of the present study were based on data from a larger combined sample of COPD patients. Also, in the present study, we have statistically adjusted for possible publication bias, which Baraniak and Sheffield reckoned was a problem for the interpretation of their results, thereby giving way for a more precise ES estimate.
As the construct of QoL is a multifaceted and relatively incongruently defined construct [39] , we found it inappropriate to include it in either the psychological or the physical overall outcome category. The results revealed a statistically significant, but small, effect on QoL, giving further support to the notion that psychosocial intervention may improve outcomes that involve both the psychological and the physical domain of COPD. However, researchers conducting future meta-analyses should be aware of the possible pitfalls of combining data from studies defining QoL differently.
Regarding the effects of the different types of psychosocial intervention being used with COPD patients, the moderation analyses showed that only CBT, but not mind-body interventions, significantly improved psychological outcomes. For the physical outcomes, the opposite result was found. Here, only the results for mindbody interventions reached statistical significance. When exploring effects on the individual types of physical outcomes, mind-body interventions had larger, albeit nonsignificant, effects on dyspnea, exercise capacity, and lung function, whereas the effect on fatigue was nonsignificant in the opposite direction. Our findings could be interpreted as supporting previous speculations [15, 40] that ruminative thinking and avoidance, the primary focus of CBT, are often associated with the characteristic and noteworthy physical symptoms in COPD. Consequently, subjecting symptoms such as dyspnea to the exposure techniques often used in CBT could in the best case be ineffective and, in the worst case, harmful. In contrast, mind-body interventions explicitly take into account the co-influencing aspects of physical and psychological issues in COPD and hold a primary focus on physical sensations, rather than on psychological, i.e. cognitive and emotional, processes, as the therapeutic gateway towards change [41] . However, it should here be noted that the precision of the estimated effect sizes of intervention types in the present study may be limited, as indicated by the relatively broad confidence intervals. In addition, the results of our post hoc power analysis suggest that more studies are needed to confirm this preliminary conclusion.
With the purpose of minimizing costs, psychosocial interventions are often delivered alongside other behavioral treatment initiatives such as pulmonary rehabilitation programs (most often including health education and physical exercise). Exploring directly whether this mode of delivery influences the effect of the psychosocial interventions lay outside the scope of the present study. However, the results failed to find any difference in ESs between the studies that included an active control group and those that did not (passive control group). This could indicate that receiving other behavioral treatments (e.g. disease-specific or general health education, breathing and walking exercise, and support groups) simultaneously does not compromise the effect of psychosocial intervention. On the other hand, whether psychosocial intervention moderates, e.g. boosts or reduces, the effects of other behavioral and medical treatment regimens still needs to be explored.
Surprisingly, the near-significant results of our metaregression analysis indicated that overall, irrespective of the type of intervention, longer treatment duration may reduce the effect of psychological intervention. One possible explanation for this inverse relationship could be the natural deterioration of the chronic patients' psychological and physical condition over time -especially prevalent for smokers [42] . Another explanation could be the tedium of longer interventions or overstimulation, which are long-discussed challenges in the psychotherapy process [43, 44] . However, as a third possible explanation, the lesser effects of longer interventions could also be due to the relatively longer follow-up time, which might cause a loss of novelty and regression toward the mean. The finding that longer duration was associated with smaller, rather than larger, ESs also suggests that the -nonsignificant -finding of longer duration of mind-body interventions compared to CBTs does not explain the larger ESs found for physical outcomes for mind-body interventions compared to CBT. Further studies are needed to identify the optimal type and duration of psychosocial interventions for various outcomes in COPD.
The present study is the first to quantify the effect of psychosocial interventions on psychological as well as physical outcomes in COPD. It has several strengths in that it is based on rigorous methodological procedures and instruments (i.e. protocol-based inclusion with two independent reviewers, comprehensive methodological quality ratings and adjustment for publication bias) and includes only controlled studies, which substantially increases the likelihood that changes in postintervention scores can be attributed to the intervention and not to other potentially confounding variables. Moreover, the present study includes mind-body interventions, which have generally been ignored in reviews of psychological intervention in COPD so far, even though they form a type of psychosocial intervention that has become a subject of increased popularity and evidence in the health care research literature over the last few decades [41] . Among the limitations are that the available data do not allow for any conclusions as to the long-term maintenance of the effect, as the majority of included studies did not present follow-up data in their analysis. Furthermore, not all included studies reported data on each outcome category of interest, and the instruments used to measure psychological and physical outcomes were diverse. This was also the case for QoL instruments, with some studies using disease-specific and others using generic outcome measures.
Conclusions
The results of this methodologically thorough systematic review and meta-analysis suggest that psychosocial interventions, including physically oriented mind-body interventions, have the potential for improving both psychological and physical outcomes in COPD. It should be noted, however, that our findings of possible publication bias towards studies reporting larger and positive ESs may question the robustness of the effect found for physical outcomes. Despite this cautionary note, based on the overall results, it appears appropriate to recommend delivering psychosocial intervention alongside the already established medical treatment pathway. Concerning specific types of psychosocial intervention, clinicians could consider offering CBT if the primary purpose is to relieve psychological health outcomes, and mind-body interventions with the primary purpose of relieving physical health outcomes. However, clinicians, researchers and policy makers should be aware that, due to statistical power issues and the possible tendency towards publishing positive and significant findings, the robustness of the results presented here cannot be fully ensured and should therefore be interpreted with some caution.
Disclosure Statement
The authors declare that they have no conflict of interest.
